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7KH,QWHUQDWLRQDO&RQIHUHQFHRQ6RIW&RPSXWLQJDQG6RIWZDUH(QJLQHHULQJ6&6(
6DWHOOLWH'HULYHGS+(VWLPDWLRQIRU$FLGLW\LQ3UHFLSLWDWLRQ
XVLQJ:DWHU9DSRUDQG1LWURJHQ'LR[LGH,PDJHU\
1DUDVLPKD3UDVDG/9D.LVKRU.XPDU5HGG\&E6KREKD5DQL'HSXUXF
D,QVWLWXWHRI$HURQDXWLFDO(QJLQHHULQJ+\GHUDEDG,QGLD
E6WDQOH\&ROOHJHRI(QJLQHHULQJ	7HFKQRORJ\IRU:RPHQ+\GHUDEDG,QGLD
F9DUGKDPDQ&ROOHJHRI(QJLQHHULQJ+\GHUDEDG,QGLD

$EVWUDFW
3ROOXWLRQLQFUHDVHVGD\E\GD\GXHWRWKHSRSXODWLRQH[SORVLRQYHKLFXODUH[KDXVWLQGXVWULDOL]DWLRQEXUQLQJRIIRVVLOIXHOVZKLFK
FRQWDLQJDVHVOLNHQLWURJHQVXOSKXUFDUERQDQGPDQ\RWKHUOHDGVWRWKHIRUPDWLRQRIDFLGLW\LQWKHDWPRVSKHUHUHVXOWLQJLQWKH
IRUP RI DFLG UDLQV$FLG UDLQ LV D VHULRXV HQYLURQPHQWDO SUHGLFDPHQW WKDW DIIHFWV KXPDQ DTXDWLF YHJHWDWLRQ DQLPDO OLIH DQG
KLVWRULFDOFRQVWUXFWLRQVRIWKHZRUOG7KHSUHVHQWUHVHDUFKSUHVHQWVDPHWKRGRORJ\IRUHVWLPDWLQJWKHKDSSHQLQJRIDFLGUDLQVXVLQJ
VDWHOOLWH LPDJHU\ RIZDWHU YDSRU DQG1LWURJHQ'LR[LGH 12 ,QLWLDOO\ WKH SURSRVHGPHWKRGRORJ\ DSSOLHVNPHDQV FOXVWHULQJ
PHWKRGIROORZHGE\+DDUZDYHOHWWUDQVIRUPLQRUGHUWRFRPSXWHQRUPDOLW\IRUZDWHUYDSRUDQG12VDWHOOLWHLPDJHU\%DVHGRQ
WKHYDOXHRIQRUPDOLW\S+YDOXHLVHVWLPDWHGDQGLIWKHYDOXHOLHVLQWKHUDQJHRIS+LWLVGHWHFWHGDVDFLGUDLQ7KHSURSRVHG
PHWKRGRORJ\LQWKHGHWHFWLRQRIDFLGUDLQVLVDGGUHVVHGIRUWKHILUVWWLPHXVLQJFOXVWHULQJDQGZDYHOHWWUDQVIRUPDWLRQWHFKQLTXHV
7KHUHVXOWHGRXWFRPHLQGLFDWHVWKDWWKHDPRXQWRIUDLQIDOOZLWKWKHFRQFHQWUDWLRQRI12KDYHDVWURQJLQIOXHQFHRQWKHRFFXUUHQFH
RIDFLGUDLQV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRI7KH,QWHUQDWLRQDO&RQIHUHQFHRQ6RIW&RPSXWLQJDQG6RIWZDUH
(QJLQHHULQJ6&6(
.H\ZRUGV$FLGUDLQ+DDUZDYHOHW.PHDQVFOXVWHULQJ1RUPDOLW\S+YDOXH1LWURJHQ'LR[LGH6DWHOOLWHLPDJHU\
,QWURGXFWLRQ
3ROOXWLRQ LQFUHDVHVGD\E\GD\GXH WR WKHSRSXODWLRQH[SORVLRQYHKLFXODUH[KDXVW LQGXVWULDOL]DWLRQEXUQLQJRI
IRVVLOIXHOVZKLFKFRQWDLQJDVHVOLNHQLWURJHQVXOSKXUDQGFDUERQOHDGVWRWKHIRUPDWLRQRIDFLGLW\LQWKHDWPRVSKHUH
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of The 2015 International Conference on Soft Computing and Software 
Engineering (SCSE 2015)
638   L.V. Narasimha Prasad et al. /  Procedia Computer Science  62 ( 2015 )  637 – 648 

UHVXOWLQJLQWKHIRUPRIDFLGUDLQV$FLGUDLQLVDUDLQRUDQ\RWKHUIRUPVRISUHFLSLWDWLRQOLNHDFLGVQRZDFLGGHZDFLG
IRJDFLGIURVWDFLGKDLODQGDFLGGXVWWKDWLVXVXDOO\DFLGLFLQQDWXUH$FLGUDLQRUDFLGGHSRVLWLRQLVPDLQO\FDXVHG
GXHWRWKHSUHVHQFHRIJDVHVOLNH12DQGVXOIXU'LR[LGH62ZKLFKLVH[LWHGWKURXJKWKHEXUQLQJRIIRVVLOIXHOV
$FLGGHSRVLWLRQDFLGLILHVWKHVXUIDFHZDWHUGDPDJHVWKHIRUHVWDQGGHWHULRUDWHVDQFLHQWPRQXPHQWVE\GU\DQGZHW
SDWKZD\V>@>@>@7KHVHGHWULPHQWDOHIIHFWVKDYHFDXVHGWKHSKHQRPHQRQRIDFLGSUHFLSLWDWLRQWRUHFHLYHVSHFLDO
DWWHQWLRQDQGEHFRPHRQHRIWKHPRVWLPSRUWDQWJOREDOSUREOHPVDFURVVWKHJOREH$FLGUDLQLVSUpFLVHGRQWKHS+
VFDOH7KLVLVDPHDVXUHRIWKHFRQFHQWUDWLRQRISRVLWLYHO\FKDUJHGLRQVLQDJLYHQVDPSOH,WUDQJHVIURPDONDOLQH
WRDFLGLFDQGSXUHZDWHUKDVDS+RIQHXWUDO0RVWUDLQZDWHULVVOLJKWO\DFLGLFS+DERXW$FKDQJHLQWKH
S+VFDOHRIRQHXQLWUHIOHFWVDWHQIROGFKDQJHLQWKHFRQFHQWUDWLRQRIDFLGLW\
$FLGUDLQDIIHFWVODNHVVWUHDPVULYHUVED\VSRQGVDQGRWKHUERGLHVRIZDWHUE\LQFUHDVLQJWKHLUDFLGLW\XQWLOILVK
DQGRWKHUDTXDWLFFUHDWXUHVFDQQRORQJHUOLYH7KLVFDQDOVRDIIHFWKHDOWKRIDKXPDQEHLQJWKURXJKWKHDWPRVSKHUHRU
WKHVRLOIURPZKLFKIRRGLVJURZQDQGHDWHQIURP
8QWLOWKHHQGRIVWKHSUREOHPRIDFLGUDLQZDVRQO\FRQILQHGWRWKH(XURSHDQDQG1RUWK$PHULFDQFRXQWULHV
+RZHYHU LQFUHDVHGXUEDQL]DWLRQDQG LQGXVWULDOL]DWLRQ LQ WKHGHYHORSLQJFRXQWULHV VXFKDV&KLQD ,QGLD-DSDQDQG
0DOD\VLDKDYHSURYLGHGDEDVHIRU WKHRFFXUUHQFHRIDFLGUDLQV>@7KHUHDUHQXPHURXVSODFHVDURXQG WKHJOREH
DIIHFWHGE\DFLGUDLQDQGKHUHDUHWKHPDMRURQHV:HOONQRZQEXLOGLQJVOLNHWKH6WDWXHRI/LEHUW\LQ1HZ<RUNWKH
7DM0DKDOLQ,QGLDDQG6W3DXO
V&DWKHGUDOLQ/RQGRQKDYHDOOEHHQGDPDJHGE\WKLVVRUWRIDFLGUDLQ7KH1RUWK
HDVWHUQVHFWLRQRI WKH8QLWHG6WDWHV WKH6RXWKHDVWHUQVHFWLRQRI&DQDGD ,QGLD-DSDQ&KLQD&HQWUDO(XURSHDQG
6FDQGLQDYLDZKHUHDFLGUDLQLVFDXVHGVHYHUHO\LVGXHWRWKHKLJKQXPEHUVRIIDFWRULHVDXWRPRELOHVDQGSRZHUSODQWV
>@+HQFHWKHUHLVDQHPHUJHQF\QHHGIRUWKHGHWHFWLRQRIDFLGUDLQVDQGWKLVPRWLYDWHGWKHDXWKRUVIRUWKHGHWHFWLRQ
RIDFLGUDLQV
(DUOLHUUHVHDUFKHVLPSOHPHQWHGIRUWKHSUHGLFWLRQRIDFLGUDLQZHUHQRWHIILFLHQWLQWHUPVRIWKHLUSUHGLFWLRQUDWH
>@7KHUH DUH QR VLPSOH VROXWLRQV WR WKHSUREOHPRI DFLG UDLQ ,Q IDFW DFLG UDLQ LV MXVW RQHPRUH VLJQRI WKH
LQFUHDVLQJHQYLURQPHQWDOGHJUDGDWLRQWKDWLVJRLQJRQDURXQGWKHZRUOG,QWKHSUHVHQWUHVHDUFKVDWHOOLWHLPDJHVDUH
XVHGIRUWKHLGHQWLILFDWLRQRIDFLGUDLQV7KHPHWKRGRORJ\LVEDVHGRQIRXUVWDJHV)LUVWO\ZDWHUYDSRUDQG12VDWHOOLWH
LPDJHVDUHVHJPHQWHGXVLQJNPHDQVFOXVWHULQJWHFKQLTXH>@WRLGHQWLI\WKHFORXGIHDWXUHVDQG12FRQFHQWUDWLRQ
SDUWV6HFRQGO\+DDUZDYHOHWWUDQVIRUPDWLRQ>@LVDGRSWHGRQWKHIHDWXUHH[WUDFWHGLPDJHVRIFORXGDQG12LQ
RUGHUWRFRPSXWHWKHPHDQZDYHOHQJWK7KLUGO\1RUPDOLW\1PHDVXUHLVGRQHWRILQGWKHFRQFHQWUDWLRQRI12
)LQDOO\LQWKHODVWVWDJHEDVHGRQ1RUPDOLW\S+YDOXHLVFRPSXWHGDQGLILWOLHVLQWKHUDQJHEHWZHHQS+LWLV
WUHDWHGDVDFLGUDLQ
7KHUHVWRIWKHSDSHULVRUJDQL]HGDVIROORZV6HFWLRQJLYHVDJODQFHWRDOOWKHUHFHQWUHVHDUFKFDUULHGRQIRUWKH
SUHGLFWLRQRIDFLGUDLQ6HFWLRQGHSLFWVWKHIRUPDWLRQRIDFLGUDLQ6HFWLRQGHVFULEHVWKHH[SHULPHQWDOPHWKRGRORJ\
6HFWLRQLOOXVWUDWHVWKHH[SHULPHQWDOUHVXOWVDQGILQDOO\6HFWLRQFRQFOXGHVWKHSDSHU
5HODWHGZRUN
$OO0LURVODY-RVLSRYLFHWDO>@WHVWHGWKHK\SRWKHVLVWKDWDFLGLFDWPRVSKHULFSROOXWLRQGHSRVLWLRQRULJLQDWLQJIURP
WKH6RXWK$IULFDFHQWUDO LQGXVWULHVDUHDSRVHVDQHQYLURQPHQWDO WKUHDW DFURVVD ODUJHU UHJLRQZLWKLQ WKHGLVSHUVDO
IRRWSULQWV.KDOHG$KPDGXVHG*,6EDVHGPDSSLQJDQGVWDWLFDOO\DQDO\VLVRIDLUSROOXWLRQ>@;LX\LQJ=KDQJHWDO
>@ DGRSWHGGHFLVLRQ WUHHPHWKRG IRU WKH DQDO\VLV RI DFLG UDLQ LQ QRUWK HDVWHUQ FKLQD<RNR1DJDVH DQG(PLOVRQ
&'6LOYD>@XVHGJDPHWKHRUHWLFDQDO\VLVIRUWKHLGHQWLILFDWLRQRIDFLGUDLQLQ&KLQDDQG-DSDQ
$PUXW**DGGDPZDUXVHGS+0HWHU WRSUHGLFWZHDWKHU VWXGLHV]RQH LVSROOXWHGRUQRW >@+0RUVHHW DO >@
PHDVXUHGS+IRUUDLQVQRZDQGIRJZDWHU0RKVHQ6DHHGLDQG6H\HG3HMYDN3DMRRKHVKIDU>@H[DPLQHGDFLGUDLQ
DQG FKHPLFDO FRPSRVLWLRQRI DWPRVSKHULF SUHFLSLWDWLRQ LQ7HKUDQ ,UDQ6+.KRRQ HW DO >@ WHVWHG DLU TXDOLW\ LQ
6HWDSDNGLVWULFWRINXDODOXPSDUE\DQDO\]LQJWKHUDLQZDWHUFKHPLFDOFRPSRVLWLRQXVLQJLRQFKURPDWRJUDSK\PHWKRG
.DQ+XDQJHWDO>@VKRZHGWKDWWKHFKHPLVWU\RISUHFLSLWDWLRQLQ6KDQJKDLZDVXQGHUWKHLQIOXHQFHRIORFDOSROOXWLRQ
VRXUFHVDQGWKHORQJDQGPRGHUDWHUDQJHWUDQVSRUWWKURXJKEDFNWUDMHFWRU\DQDO\VLV
6KLQ,FKL)XVLWDHWDO>@DQDO\]HGWKHFKHPLFDOFRPSRVLWLRQRISUHFLSLWDWLRQLQ(DVW$VLDRQWKHEDVLVRIWKH
UHVXOWV RI FRRSHUDWLYH PRQLWRULQJ SHUIRUPHG GXULQJ WKH SHULRG IURP  WR  $QLWD 6LQJK DQG0DGKRRNLD
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$JDUZDO>@VKRZHGWKHHIIHFWRIDFLGUDLQDQGLWVHFRORJLFDOFRQVHTXHQFHV$6DQWLHWDO>@LOOXVWUDWHGWKHLPSDFWV
RIDLUSROOXWLRQDQGDFLGUDLQRQWKHJURZWKRIRUFKLGSODQWV
56HTXHLQDDQG053HDUW>@DQDO\]HGWKHS+RIGDLO\UDLQIDOODWDUXUDOVLWHLQ+RQJ.RQJ.,+RLHWDO>@
DGRSWHG&RUUHODWLRQDQDO\VLVDQGFXPXODWLYHGLVWULEXWLRQIXQFWLRQWRDQDO\VHWKHZHWDFLGGHSRVLWLRQLQ0DFDX)DWPD
(NPHN\DSDUHWDO>@DQDO\]HGDFLGUDLQDQGLWVHIIHFWVLQGLIIHUHQWVLWHVLQ7XUNH\;LDRGRQJHWDO>@XVHGK\SHU
VSHFWUDOGDWDWRGHWHFWWKHVSHFWUDOFKDQJHFDXVHGE\DFLGVWUHVVWRDQDWLYHIRUHVWW\SHLQWKH7KUHH*RUJHVUHJLRQRI
&KLQD=OXHWDO>@VWXGLHGWKHVXOSKXUGLR[LGHHPLVVLRQLQFKLQDDQGVXOSKXUGLR[LGHWUHQGVLQ(DVW$VLDVLQFH
$*0RKDPDG=DEDZLHWDO>@GHPRQVWUDWHGWKHHIIHFWVRIVLPXODWHGDFLGUDLQRQJHUPLQDWLRQDQGJURZWK
RIULFHSODQWV1DUDVLPKD3UDVDGHWDO>@SURYLGHGDVROXWLRQIRUDFLGUDLQVGHWHFWLRQXVLQJ62DQGZDWHUYDSRU
VDWHOOLWHLPDJHU\
0DQ\RIWKHUHVHDUFKHUVLPSOHPHQWHGYDULRXVPHWKRGRORJLHV IRUWKHSUHGLFWLRQRIDFLGUDLQV>@ WLOOGDWH
QRQH RI WKH UHVHDUFK FRXOG SURYLGH DQ DFFXUDWH DQG HIILFLHQWPRGHO IRU WKLV SUHGLFWLRQ &XUUHQW ZRUN IRFXVHV RQ
GHYHORSLQJ LPSURYHG DFLG UDLQ LGHQWLILFDWLRQPHWKRGRORJ\ WKDW SXVKHV WKH OLPLWV RI SUHGLFWLRQ DFFXUDF\ RYHU WKH
H[LVWLQJWHFKQLTXHV
)RUPDWLRQRIDFLGUDLQV
5DLQZDWHULVQHYHUDOZD\VSXUHDVLWFRQWDLQVLPSXULWLHVIURPGXVWSDUWLFOHVRUIURPDEVRUELQJJDVHVIURPWKHDLU
,WIRUPVZKHQFOHDQUDLQFRPHVLQFRQWDFWZLWKSROOXWDQWVOLNHVXOSKXU'LR[LGH62&DUERQ'LR[LGH&2DQG
1LWURJHQGLR[LGH127KHPDMRUDFLGLFR[LGHWKDWFRQWULEXWHVWRWKHIRUPDWLRQRIDFLGUDLQLVQLWURJHQ'LR[LGH
1LWURJHQGLR[LGHLVSURGXFHGLQWKHKLJKWHPSHUDWXUHVRIFRPEXVWLRQFKDPEHUVRISRZHUVWDWLRQVDQGPRWRUYHKLFOHV
>@VKRZQLQ)LJ

)RUPDWLRQRI1LWURJHQGLR[LGH

12Æ12

6XOSKXUGLR[LGHUHDFWVZLWKZDWHUWRIRUPVXOSKXURXVDFLG

62+2Æ+62


6XEVWDQFHV LQ WKH XSSHU DWPRVSKHUH WKHQ FDWDO\VHV WKH UHDFWLRQ EHWZHHQ VXOSKXURXV DFLG DQG R[\JHQ WR IRUP
VXOSKXULFDFLG
+622Æ+62

6LPLODUO\QLWURJHQGLR[LGHUHDFWVZLWKZDWHUWRIRUPDPL[WXUHRIQLWULFDFLGDQGQLWURXVDFLG

12+2Æ+12+12

6XEVWDQFHVLQWKHDWPRVSKHUHWKHQFDWDO\VHVWKHUHDFWLRQEHWZHHQQLWURXVDFLGDQGR[\JHQFDXVLQJWKHIRUPDWLRQ
RIPRUHQLWULFDFLG

  +122Æ+12

%RWKVXOSKXULFDFLGDQGQLWULFDFLGDUHVROXEOHLQZDWHUDQGDUHWKHPDMRUDFLGVSUHVHQWLQDFLGUDLQ$VWKLVIRUPV
DQGIDOOVRQWKH(DUWK
VVXUIDFHLWFDXVHVKDUPIXOHIIHFWVRQWKHQDWXUDOHQYLURQPHQWDQGWKHLUUHVRXUFHV
1LWURJHQR[LGHV12DUHIRUPHGWKURXJKIRVVLOIXHOXVH,QFRQWUDVWWRVXOSKXUQLWURJHQLVQRWDQLPSXULW\EXW
UDWKHUDQLQWHJUDOSDUWRIWKHRUJDQLFPDWHULDOPDNLQJXSIRVVLOIXHOV)RVVLOIXHOFRPEXVWLRQUHOHDVHVQLWURJHQLQWRWKH
DWPRVSKHUHXVXDOO\LQWKHIRUPRIQLWULFR[LGH121LWULFR[LGH12LVR[LGL]HGE\DWPRVSKHULFPROHFXOHVVXFK
DVR]RQH2RUK\GURJHQGLR[LGH+2WRIRUPQLWURJHQGLR[LGH121LWURJHQGLR[LGH12UHDFWVZLWK2+LQ
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
WKHDWPRVSKHUHWRIRUPQLWULFDFLG+121LWULFDFLGFDQDOVRIRUPZKHQQLWURJHQGLR[LGH12UHDFWVZLWKWKH
QLWUDWHUDGLFDO12LQWKHSUHVHQFHRIDWPRVSKHULFZDWHURUDOGHK\GHV1LWURJHQR[LGHVDFFRXQWIRUDSSUR[LPDWHO\
RIDOODFLGGHSRVLWLRQ0DMRUVRXUFHVRIQLWURJHQR[LGHHPLVVLRQVDUHDXWRPRELOHVDQGIRVVLOIXHOEXUQLQJSRZHU
VWDWLRQV>@7KHVHSROOXWDQWVFDQEHFRQYHUWHGWKURXJKDVHULHVRIFRPSOH[FKHPLFDOUHDFWLRQVLQWRVXOSKXULFDFLG
QLWULFDFLGRUK\GURFKORULFDFLGLQFUHDVLQJWKHDFLGLW\RIWKHUDLQRURWKHUW\SHRISUHFLSLWDWLRQVXFKDVVQRZDQGKDLO
,QRUGHU WR ILQG WKHDFLGLFSURSHUW\S+VFDOHLV XVHGKHUH DQG LW UDQJHV IURP WR7KLVS+VFDOHLV XVHG WR
LQGLFDWHZKHWKHUDVXEVWDQFHLVDQDFLGLFS+EHORZDQDONDOLQHS+DERYH$Q\VXEVWDQFHZLWKDS+YDOXHLQ
WKHPLGGOHRI WKH VFDOHS+  LV FRQVLGHUHG DQHXWUDOVXEVWDQFH VKRZQ LQ)LJ  ,W DOVR LQGLFDWHV WKH UHODWLYH
VWUHQJWKRUFRQFHQWUDWLRQRIHDFKDFLGRUEDVH7KHSUHFLSLWDWLRQLVFRQVLGHUHGWREHDFLGLFLILWVS+YDOXHLVOHVVWKDQ
DQGS+VFDOHLVVKRZQLQ)LJ



)LJ)RUPDWLRQRI$FLG5DLQ


)LJS+VFDOH
([SHULPHQWDWLRQPHWKRGRORJ\
7KHLGHDOJRDORIWKLVUHDOWLPHSURFHVVLQJLVWRH[DPLQHWKHVDWHOOLWHLPDJHU\DQGWRIRUHWHOOZKHWKHUWKHJDWKHUHG
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VDWHOOLWHLPDJHLVDQDFLGUDLQLPDJHRUQRW7KHRYHUDOOSURFHVVLQYROYHGLVVKRZQLQ)LJ,QWKLVLPSOHPHQWDWLRQ
VDWHOOLWHLPDJHVFRQWDLQLQJZDWHUYDSRUDQG12HPLVVLRQVDUHWDNHQDVLQSXWZKLFKPD\RUPD\QRWFRQWDLQQRLVH
%XWDQ\VDWHOOLWHLPDJHVPRVWSUREDEO\PD\FRQWDLQQRLVHZKLFKLVRXJKWWREHVHSDUDWHG7KHUHDUHGLYHUVHW\SHVRI
QRLVHLQVDWHOOLWHLPDJHVVXFKDVVWULSLQJQRLVHVSHFNOHQRLVHEOXUVDQGVRRQ7KHVHIRUHPRVWQRLVHVDUHIROORZHGE\
QHJOLJLEOHREVWUXFWLRQVVXFKDVLOOXPLQDWLRQYDULDWLRQVRFFOXVLRQVVFDOHYDULDWLRQVGHIRUPDWLRQRIREMHFWVDQGVRRQ
:KHQDVDWHOOLWH LPDJHFRQWDLQLQJVXFK W\SHVRIQRLVH LVDQDO\]HG WKHUHVXOWVREWDLQHGPD\GLYHUJHIURPRULJLQDO
YDOXH+HQFHLQLWLDOO\WKHVDWHOOLWHLPDJHU\PXVWEHGHQRLVHG>@>@
$VDQRULJLQDO LPDJHPD\FRQWDLQVYDULRXV WH[WXUHV VXFKDVZDWHUERGLHV IRUHVWVJUDVV DVSKDOWEDUUHQ ODQGV
FRQFUHWHDQGFORXGVWKHVHWH[WXUHVDUHWREHVHSDUDWHGWRREWDLQWKHUHJLRQRILQWHUHVWDQGH[FOXGHWKHQRQDIIHFWLQJ
UHJLRQIRUDFLGUDLQSUHGLFWLRQ,QRUGHUWRVHJPHQWWKHLPDJHDQGFDSWXUHWKHUHJLRQRILQWHUHVWNPHDQVFOXVWHULQJ
>@LVXVHGDVRQHRIWKHWHFKQLTXH3L[HOYDOXHVRIGLIIHUHQWWH[WXUHVDUHXVHGIRUWKLVVHJPHQWDWLRQZKLFKLVVKRZQ
LQ7DEOH%DVHGRQWKHVHSL[HOYDOXHVWKHVDWHOOLWHLPDJHLVVHJPHQWHGLQWRYDULRXVFOXVWHUVWRREWDLQWKHUHJLRQRI
LQWHUHVWZKLFKLVFORXGFRQWDLQLQJQLWURJHQGLR[LGHFRQWHQW7KHFORXGDQGQLWURJHQGLR[LGHFRQWHQWWH[WXUHLVIRXQG
WREHO\LQJLQEHWZHHQSL[HOYDOXHVRIDQG,QRUGHUWRSUHGLFWWKHRFFXUUHQFHRIDFLGUDLQDWKLJKHUUDQJHN
PHDQVDOJRULWKPLVXVHGWRFOXVWHUWKHZDWHUYDSRUREMHFWVLQWRUHJLRQVDQGQLWURJHQGLR[LGHHPLVVLRQREMHFWVLQWR
UHJLRQVXVLQJ(XFOLGHDQGLVWDQFHPHWULFWRDYRLGORFDOPLQLPD
7KHVHJPHQWDWLRQSURFHVVLVDSSOLHGIRULPDJHVVKRZQLQ)LJ	)LJDQGWKHUHVXOWHGFOXVWHUVJHQHUDWHGDUH
VKRZQLQ)LJ	)LJ7KHIHDWXUHH[WUDFWHGFOXVWHULPDJHVVKRZQLQ)LJ&	)LJFDUHVHOHFWHGIRUWKHIXUWKHU
DQDO\VLVE\DSSO\LQJZDYHOHW WUDQVIRUP7KH+DDUZDYHOHW WUDQVIRUPLVFKRVHQKHUHDVLW LVDQHIILFLHQW WHFKQLTXH
ZKHUHGHFRPSRVLWLRQLVDSSOLHGWRWKHLPDJHLQURZVDQGFROXPQVE\WUDQVIRUPLQJIURPGDWDVSDFHWRZDYHOHWVSDFH
LQIUHTXHQF\GRPDLQ>@,WFDQIXUWKHUDXWRPDWLFDOO\LQYHUWDQ5*%VDWHOOLWHLPDJHLQWRJUD\VFDOHLPDJHZKLFK
LVODWHUGHQRLVHG

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
)LJ0HWKRGRORJ\IRU5HDO7LPH'HWHFWLRQRI$FLG5DLQV



7DEOH3L[HO9DOXHVRI9DULRXV7H[WXUHV

7H[WXUHV 3L[HOYDOXHV
:DWHU%RG\ 
)RUHVW 
*UDVV 
$VSKDOW 
%DUUHQ/DQGV 
&RQFUHWH 
&ORXGV 

,QRUGHUWRSUHGLFWWKHRFFXUUHQFHRIDFLGUDLQWKHPHDQZDYHOHQJWKLVWREHHVWLPDWHGIURPWKHIHDWXUHH[WUDFWHG
LPDJHXVLQJ0DWODEVRIWZDUHVKRZQLQ7DEOH)XUWKHURWKHUSDUDPHWHUVVXFKDVQXPEHURIR]RQHPROHFXOHVJUDPV
RIQLWURJHQGLR[LGHDQGOLTXLGPROHFXOHVSUHVHQWLQKXPLGLW\DUHWREHFDOFXODWHGXVLQJHTXDWLRQVDQG$V
DVDWHOOLWHLPDJHLVYLVLEOHLPDJHZKLFKOLHVLQDZDYHOHQJWKEHWZHHQQPQP6LQFHWKLVLVWDNHQDVLQSXWWKLV
UDQJHLVWDNHQDVDWRWDORIQPDQGWKHVFDOHIRUWKHLQSXWVDWHOOLWHLPDJHLVJLYHQDV'DEVRQXQLWV$FFRUGLQJWR
WKHVWXG\QPFRQVLVWVRI'DEVRQXQLWVDQGKDVDFRQVWDQWYDOXHRI[PROHP7RFDOFXODWH WKH
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QXPEHURIR]RQHPROHFXOHVHTXDWLRQLVXVHGDQGLVVKRZQEHORZ$YRJDGUR¶VQXPEHU[PROLVDTXDQWLW\
RIPROHZKLFKLVXVHGWRFDOFXODWHWKHQXPEHURIDWRPVSUHVHQWLQWKHVXEVWDQFH

DUHD   2]RQH PROHFXOHV
TXDQWLW\ RI D PROH
u u u 


 7KHH[SUHVVLRQWRFDOFXODWHWKHJUDPVRI12LVVKRZQEHORZ

 

*UDPV RI 12 RI 12 R]RQH PROHFXOHV
PROHFXODU ZHLJKW RI 12
 P u u 


:KHUH0ROHFXODUZHLJKWRI12LVJPRO

 7KH/LTXLGPROHFXOHVSUHVHQWLQKXPLGLW\LPDJHDUHFRPSXWHGE\XVLQJHTXDWLRQ





2]RQH PROHFXOHV/LTXLG PROHFXOHV RI + 2
PROHFXODU ZHLJKW RI +2
YDOHQF\ RI 2
u P u




:KHUH0ROHFXODUZHLJKWRI+2LVDQG9DOHQFHRI2[\JHQLV

)URPHTXDWLRQWKHDPRXQWRIOLTXLGSUHVHQWLQWKHFORXGFDQEHDQDO\]HGE\XVLQJWKHVSHFLILFJUDYLW\RIZDWHU
LHOLWHUV

OLTXLG PROHFXOHV/LTXLG LQ OLWHUV
VSHFLILF JUDYLW\ RI ZDWHU
 








)LJ2ULJLQDOLPDJHRI3UHFLSLWDWLRQ)LJ2ULJLQDOLPDJHRI12

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
)LJ&OXVWHUHG,PDJHVRI3UHFLSLWDWLRQ


)LJ&OXVWHUHG,PDJHVRI12

7DEOH(VWLPDWLRQRIS+LQSUHFLSLWDWLRQ
,PDJHQR +2 12 $UHDRI12 *UDPVRI12
/LTXLG
0ROHFXOHV
/LWHUVRI
6ROXWLRQ 1RUPDOLW\
S+
YDOXH
        
,PDJHQR   [ [ [ [  
,PDJHQR   [ [ [ [  
,PDJHQR   [ [ [ [  
,PDJHQR   [ [ [ [  
,PDJHQR   [ [ [ [  
,PDJHQR   [ [ [ [  
,PDJHQR   [ [ [ [  
,PDJHQR   [ [ [ [  
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
1RUPDOLW\LVDZD\RIH[SUHVVLQJWKHFRQFHQWUDWLRQRIDVROXWLRQ,WLVEDVHGRQDQDOWHUQDWHFKHPLFDOXQLWRIPDVV
FDOOHGWKHHTXLYDOHQWZHLJKW7KHQRUPDOLW\RIDVROXWLRQLVWKHFRQFHQWUDWLRQH[SUHVVHGDVWKHQXPEHURIHTXLYDOHQW
ZHLJKWRIVROXWHSHUOLWHUVROXWLRQ

*UDPV RI VROXWH1
(TXLYDOHQW ZHLJKW RI VROXWH /LWHUV RI VROXWLRQ
 
u







 :KHUH(TXLYDOHQWZHLJKWRI6ROXWH+12LVJUDPV



7RPHDVXUHWKHDFLGLW\RIDVROXWLRQS+YDOXHLVFRQVLGHUHGZKLFKLVGHILQHGDVQHJDWLYHORJDULWKPLFYDOXHRID
K\GURJHQLRQ+FRQFHQWUDWLRQ7KLVS+YDOXHLVDOVRLQFOXGHGZLWKDFRUUHFWLRQIDFWRUDVVKRZQLQHTXDWLRQ

S+ ORJ +  ª º  u¬ ¼



)RUDFLGUDLQWKHS+YDOXHUDQJHVLQEHWZHHQS+&RQVLGHULPDJHIURPWKH7DEOHZKRVHS+YDOXHLV
ZKLFKLVLQWKHUDQJHRIS+6RLWFDQEHMXVWLILHGWKDWWKHIHDWXUHH[WUDFWHGLPDJHFRQVLVWVDFLGUDLQ
5HVXOWVDQGGLVFXVVLRQ
,Q WKLV VWXG\ WKHZDWHU YDSRUDQG12 LPDJHV FROOHFWHG IURP -DSDQPHWHRURORJLFDOGHSDUWPHQW DUHDQDO\]HG WR
LGHQWLI\ZKHWKHUWKHFORXGVFRQWDLQVDFLGLW\RUQRW7KHDFLGUDLQLGHQWLILFDWLRQDOJRULWKPZKLFKLQWHJUDWHVWKHPHWKRG
GLVFXVVHGLQVHFWLRQ,,,KDVEHHQLPSOHPHQWHGXVLQJ0DWODEVRIWZDUH
+HUHFRORULVFRQVLGHUHGDVWKHPDLQDWWULEXWHWKDWLVRXJKWWREHH[WUDFWHGIURPWKHVDWHOOLWHLPDJHDQGDVWKLVLPDJH
KDV D YLVLEOH VSHFWUDO ZDYH LWV PHDQ ZDYHOHQJWK LV WR EH FDOFXODWHG ,I WKH FROOHFWHG VDWHOOLWH LPDJH UHSUHVHQWV
SUHFLSLWDWLRQWKHQLWLVFRPSXWHGLQWHUPVRIOLWHUVRIVROXWLRQZKLFKLVFDOFXODWHGXVLQJHTXDWLRQLILWLVDQ12LPDJH
LW LVFRPSXWHGLQWHUPVRIJUDPVRIVROXWHE\XVLQJHTXDWLRQ7KHYDOXHREWDLQIURPERWKSUHFLSLWDWLRQDQG12
LPDJHVDUHXVHGIRUWKHFDOFXODWLRQRIQRUPDOLW\XVLQJHTXDWLRQ)XUWKHUWKHYDOXHREWDLQHGIURPQRUPDOLW\LVXVHG
WRGHWHUPLQHWKHS+YDOXHXVLQJHTXDWLRQ)URPWKHOLWHUDWXUHLWLVNQRZQIDFWWKDWWKHS+YDOXHIRUDFLGUDLQVOLHVLQ
WKHUDQJHRIS+7KHHVWLPDWHGUDQJHLVUHOLHGVXFKWKDWLIWKHS+YDOXHIRUDJLYHQVDWHOOLWHLPDJHLQSXWOLHV
EHWZHHQDQGWKHQLWLVDQDFLGUDLQLPDJH
7KHSUHOLPLQDU\UHVXOWVLQ7DEOHVKRZWKDWWKHS+RIWKHQLWULFDFLGLPDJHVLVLQWKHUDQJHRIDQG&RQVLGHU
LPDJHLWVFDOFXODWHGS+YDOXHLVOLHVLQWKHHVWDEOLVKHGUDQJHKHQFHLWLVDFLGLF,QWKHVLPLODUPHWKRGFRQVLGHU
WKHRWKHULPDJHVDQGWKHLUFDOFXODWHGS+YDOXHDUHLQEHWZHHQDQGZKLFKOLHVLQWKHHVWDEOLVKHGUDQJHDQGKHQFH
WKH\DUHDFLGLF)URP7DEOHFRQVLGHUWKHLPDJHZKR¶VFDOFXODWHGS+YDOXHLVZKLFKGRHVQ¶WOLHZLWKLQWKH
UDQJHKHQFHLWLVQRWDFLGLF6LPLODUO\FRQVLGHULPDJHZKRVHFDOFXODWHGS+YDOXHLVOLHVLQWKHUDQJHDQG
KHQFHLWLVDQDFLGUDLQLPDJH
7DEOH$QDO\VLVRI$FLG5DLQV

LRQV+1  
,PDJHQR   [ [ [ [  
,PDJHQR   [ [ [ [  
,PDJH1R 1RUPDOLW\ S+YDOXH $QDO\VLV
,PDJH 1  DFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  DFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  DFLGUDLQ
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

&RQFOXVLRQV
9LUWXDOO\DOOUDLQVZHUHQDWXUDOEHIRUHWKH,QGXVWULDO5HYROXWLRQEXWGXHWRWKHHPHUJLQJWHFKQRORJLHVDQGGXHWRWKH
RQJRLQJHQYLURQPHQWDOFKDQJHVWKHUDLQVWDUWHGJHWWLQJLPSXUHDQGHYHQWXUQVDFLGLFDWWLPHV7KLVDFLGLFUDLQZDWHU
VKRZHUEDFNRQ WKHHDUWK LQ WKH IRUPRIDFLGUDLQDQGKDVEHFRPHKDYRF'XH WR WKLVSUHGLFWLRQRIDFLGUDLQKDV
EHFRPHDPDMRUFRQFHUQDQGWKHSUHVHQWVWXG\LQYHVWLJDWHGWKHULVNRIDFLGLILFDWLRQIURPZDWHUYDSRUDQGQLWURJHQ
GLR[LGHVDWHOOLWH LPDJHU\7KHSUHVHQWPHWKRGRORJ\LVEDVHGRQIRXUVWDJHV)LUVWO\ZDWHUYDSRUDQG12VDWHOOLWH
LPDJHVDUHVHJPHQWHGXVLQJNPHDQVFOXVWHULQJWHFKQLTXHWRLGHQWLI\WKHFORXGIHDWXUHVDQG12FRQFHQWUDWLRQSDUWV
,PDJH 1  DFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  DFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  DFLGUDLQ
,PDJH 1  DFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  DFLGUDLQ
,PDJH 1  DFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  DFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  DFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  DFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  QRDFLGUDLQ
,PDJH 1  DFLGUDLQ
,PDJH 1  DFLGUDLQ
,PDJH 1  DFLGUDLQ
,PDJH 1  DFLGUDLQ
,PDJH 1  DFLGUDLQ
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